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[57] ABSTRACT ' 

A microcomputer-based programmable control system 
for desiccant air dryers monitors the level of moisture 
saturation of the desiccant beds and adjusts the regener 
ation cycle accordingly to optimize energy ef?ciency. 
The moisture sensors have capacitance probes and ad 
justable resistors as frequency determining components 
for precision oscillators. A multiple counter integrated 
circuit is controlled by the microcomputer to establish a 
predetermined time interval and to count cycles of the 
precision oscillators during the predetermined time 
interval to obtain ?nal counts for each probe indicative 
of the level of moisture saturation in the respective 
desiccant beds. The microcomputer compares the ?nal 
counts to predetermined threshold number in order to 
determine whether a regeneration cycle is required, and 
also compares the ?nal counts to maximum and mini 
mum threshold numbers to detect and indicate probe 
failure. A pair of high and low pressure sensitive 
switches is provided for each desiccant bed, and the 
microcomputer tests for coincidence of the high 
switches and the low switches to monitor full depres 
surization and repressurization of the regenerating bed 
and to analyze and indicate valve malfunction. The 
control system directly activates low current, low ca 
pacity solenoid valves which in turn operate high pres 
sure pneumatic relays to drive the valves in the air 
dryer. 

7 Claims, 12 Drawing Figures 
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MICROCOMPUTER CONTROL SYSTEM FOR 
DESICCANT DRYER 

TECHNICAL FIELD 

This invention relates generally to the ?eld of gas 
dryers. In particular, this invention relates to a control 
for a desiccant gas dryer of the type having a pair of 
desiccant beds, wherein one bed is regenerated as the 
other bed adsorbs vapor. A control is required to peri 
odically switch the ?ow of gas between the bed adsorb 
ing vapor to the bed being regenerated. 

BACKGROUND ART 

The desirability of drying air after compression is 
well known. A variety of systems have been developed 
over the years for this purpose, many of which employ 
two beds containing an adsorbent desiccant material 
such as activated alumina. In such systems the beds 
alternatively dry the process stream and then are regen 
erated either using an auxiliary source of heat in so 
called heat-reactivated systems, or through conserva 
tion and use of the heat of adsorption for effecting re 
generation, in so-called heaterless systems. In heat-reac 
tivated systems, it has been common to use ?xed cycles 
several hours in length, such that a bed is on adsorption 
for a period of time, perhaps eight hours, after which it 
is regenerated during the eight hour adsorption cycle 
for the other bed. In the heaterless systems relatively 
short, ?xed cycle times are usually used, typically about 
four minutes for drying with four minutes allowed for 
regeneration while the other bed is drying the process 
stream. Mechanical cam timers operating solenoids 
which in turn operate the flow control valves have 
typically been employed for the control of such ?xed 
cycle systems. 

Typically both heat-reactivated and heaterless sys 
tems are sized for maximum contemplated loading con 
ditions, a condition which may seldom or never be 
encountered during actual operation. As a result, at the 
end of a ?xed drying cycle a bed may have adsorbed 
only a fraction of its moisture capacity. In the case of 
heat-reactivated dryers, such underutilization of the bed 
while on adsorption coupled with a full energy regener 
ation can seriously affect overall operating ef?ciency. 
Moreover, in the case of heat-reactivated dryers which 
employ resistance heaters within the beds, sometimes 
referred to as internal heat-reactivated dryers, regenera 
tion with only a partial moisture load on the bed can 
result in excessive heating of the desiccant, which not 
only tends to degrade the desiccant but can also be 
dangerous. 

Similarly, off-peak operation of heaterless dryers on 
?xed cycles can result in low operation efficiencies. By 
their nature heaterless dryers employ approximately 
15% of the dry product air for regeneration purposes 
such that unnecessarily purging a partially loaded bed 
for the full regeneration period is highly inef?cient. 

Several systems have been suggested in recent years 
using “demand” rather than ?xed cycling for both heat 
reactivated and heaterless dryers. US Pat. No. 
3,448,561 discloses a system for sensing the actual mois 
ture content of the on-stream bed and terminating the 
adsorption cycle when the bed is saturated. Alterna 
tively, the patent suggests that the moisture content of 
the regenerating bed can be monitored, terminating the 
purge ?ow when the moisture content of the bed has 
dropped below a predetermined minimum. That patent 

45 

65 

2 
discloses the use of a lithium chloride humidity sensor 
external to the desiccant bed with gas sampling conduits 
leading from the beds to the cell. 
Another method which has been suggested for deter 

mining the moisture loading of a bed involves the plac~ 
ing of a capacitor directly into an adsorbent bed with 
adsorbent between the plates. As the moisture loading 
varies, the dielectric constant of the adsorbent changes, 
such that the capacitance provides an electrical indica 
tion of the moisture loading. Such a capacitance sensing 
arrangement is disclosed in application Ser. No. 267,964 
?led May 27, 1981. ' 

In one system which has been developed for the use 
of a capacitance as disclosed in the co-pending applica 
tion, a periodic electric potential is applied to the capac 
itance probe so that its response is a function of the 
capacitance. A frequency to voltage converter gener 
ates a moisture indicating voltage proportional to the 
capacitance of the capacitance probe. Typically a dif 
ferential ampli?er compares the moisture indicating 
voltage to a threshold voltage to generate a binary 
signal indicating that the desiccant is fully regenerated. 
The moisture indicating voltage is also compared to 
high and low threshold voltages de?ning a range of 
moisture content from O to 100% saturation of the desic 
cant. Any voltage out of this range is assumed to be due 
to sensor malfunction and hence the “window compari 
son” provides a failure signal. 
The prior art moisture sensor comprising the capaci 

tance probe and the electronics for performing a fre 
quency to voltage conversion and threshold compari 
son function performs its intended function of generat 
ing a binary signal indicating the end of required regen 
eration, but it does so using rather sensitive and “tou 
chy”analog circuits. The analog circuits require stable 
reference voltages and are sensitive to component ag 
ing, tolerances and drift. In order to eliminate undesired 
noise on the moisture sensing voltage the moisture sens 
ing voltage analog signal is typically low-pass ?ltered at 
a time constant of approximately ten seconds. This time 
constant slows down the response of the sensor and the 
rather high resistance and capacitance component val 
ues for providing the ten second time constant are unde 
sirable. The one binary bit of moisture indicating infor 
mation provided to the air dryer control system by the 
moisture sensor is a rather small portion of the informa 
tion monitored by the sensor, but it is just about all of 
the information that the prior art control system can 
use. 

As suggested in the co-pending application refer 
enced above a binary signal indicating that the desiccant 
is fully regenerated may be used in conjunction with the 
flow valve control system with either heat-regenerated 
or heaterless dryers to result in “demand” cycling. 

In addition to the de?ciencies noted with the previ 
ously suggested capacitance-monitoring system, known 
controls for valving to alternatively shift flow between 
desiccant beds have numerous disadvantages. As al 
ready noted mechanical cam timers have typically been 
employed to provide ?xed length cycles. Such mechan 
ical timer circuits have recently-been adapted for use 
with capacitance sensing arrangements of the type dis 
cussed above to provide “demand” cycling in both 
heat-regenerated and heaterless dryers by inhibiting 
certain of the timing signals. Such mechanical timer 
based systems tend to be bulky, offer little or no “repro 
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graming" ?exibility and can be dif?cult to accurately 
adjust. 

DISCLOSURE OF INVENTION 

The general aim of the invention is to provide an 
intelligent control system for desiccant gas dryers 
which monitors at least the level of vapor saturation of 
the desiccant beds and adjusts the regeneration cycle 
accordingly to optimize energy efficiency. 
Another object of the invention is to provide a modu 

lar control system which is easily adapted to various 
types and sizes of desiccant gas dryers. A related object 
is to provide a control system that is easily speci?ed, 
installed and maintained. 
Yet another object of the invention is to provide a 

desiccant moisture sensor which is essentially digital in 
nature and which supplies the control system with an 
increased amount of usable information. A related ob 
ject is to provide a desiccant moisture sensor that has a 
reduced parts count and which is easier to assemble, 
calibrate and maintain, and which is not substantially 
affected by component tolerances, aging and drift. 

Still another object of the invention is to provide a 
gas dryer control system having expanded system diag 
nostic and condition indicating functions. 

In accordance with the invention, each desiccant bed 
in a desiccant gas dryer has a capacitance probe so that 
the level of condensate saturation of the desiccant is 
indicated by the capacitance of the respective probe. 
The capacitance of the probe determines the frequency 
of an oscillator so that the oscillator output is a binary 
or digital signal indicating the level of condensate satu 
ration in the respective bed. Means are provided for 
counting the cycles of the oscillator output during a 
predetermined time interval established by timer means. 
Means are provided for obtaining a ?nal count from the 
means for counting at the end of the predetermined time 
interval so that the numeric value of the ?nal count is 
indicative of the level of condensate saturation of the 
respective desiccant bed. A microcomputer executing a 
stored sequence of instructions accepts the ?nal count 
for determining the relative condensate saturation level 
and accordingly controls the regeneration of the respec 
tive desiccant bed. The microcomputer comrpises 
means for comparing the ?nal count to a predetermined 
threshold count representative of the condensate satura 
tion level for which regeneration is required, and fur 
ther comprises means for generating a regeneration 
enable signal in response to that comparison. 

In accordance with further features of the invention, 
the microcomputer comprises means for periodically 
changing the bed selected for drying and the bed se 
lected for regeneration within a preset minimum period, 
so that the vapor load is shared among the desiccant 
beds. 

In order to detect probe failure, preferably the mi 
crocomputer has means for comparing the ?nal count to 
a predetermined maximum count and a predetermined 
minimum count, and also means for indicating to a 
maintenance person that probe failure is sensed if the 
?nal count either exceeds the maximum count or is less 
than the minimum count. The microcomputer also com 
prises means for activating the regeneration of the beds 
at least once during each bed select cycle so that the 
beds are periodically regenerated in the event of the 
sensed probe failure. 

In an important embodiment of the invention, the 
control system is speci?cally con?gured for controlling 
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4 
a heaterless gas dryer wherein the beds are regenerated 
at a minimum pressure such as atmospheric pressure, 
while the gas to be dried is at an elevated pressure. In 
order to detect the failure of the valves which pressur 
ize and depressurize the beds for drying and regenera- _ 
tion, respectively, for each bed a high pressure sensing 
switch and a low pressure sensing switch is provided. 
The threshold pressure of the high pressure switches is 
substantially below the elevated gas pressure, and the 
threshold of the low pressure switches is below the 
threshold of the high pressure switches and substan 
tially above the minimum pressure. In other words, 
each high pressure switch is in its active state when the 
respective bed is pressurized to the elevated pressure, so 
that the high pressure switch detects substantially full 
pressurization, while each low pressure switch is in its 
corresponding inactive state only when the bed is ap 
proximately at the minimum pressure, thereby indicat 
ing proper valve operation for depressurization. 

In order to reduce the number of pressure switch 
signals to be sampled by the microcomputer to deter 
mine proper valve operation, means are provided for 
generating a high pressure coincidence signal active 
when the high pressure switches are in the same state, 
and means are provided for generating a low pressure 
coincidence signal active when the low pressure 
switches are in the same state. The microcomputer 
comprises means for sampling both the high pressure 
coincidence signal and the low pressure coincidence 
signal at least once during each full cycle of the bed 
change signal, at times suf?ciently delayed from the 
time that the beds are switched over from drying to 
regeneration and at times suf?ciently delayed from the 
beginning of regeneration. If the idle bed is depressur 
ized, its switches are in their inactive states and thus 
different from the active states of the pressurized drying 
bed. Thus if the idle bed is properly depressurized, the 
coincidence signals will be inactive. But when the idle 
bed is repressurized, its switches will be in their active 
states and thus in the same states as the active switches 
in the drying bed. Consequently, when the idle bed is 
properly repressurized the coincidence signals are in 
their active states. Means are provided for indicating 
the occurrence of a general valve malfunction to a 
maintenance person if either one of the pressure coinci 
dence signals is active when sampled during the time 
the regeneration enable signal is active. Similarly, 
means are provided for indicating the occurrence of an 
exhaust valve malfunction when the idle bed fails to be 
repressurized, as sensed by an inactive coincidence 
signal sampled when the regeneration enable signal is 
not active. 

In a preferred embodiment a single chip microcom 
puter integrated circuit is coupled with a multiple 
counter integrated circuit. The counter integrated cir 
cuit itself embodies the means for counting, the timer 
means and the means for obtaining a ?nal count from 
counting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
become apparent upon inspection of the drawings, 
wherein: 

FIG. 1 is a perspective view of a heaterless air dryer 
employing an exemplary embodiment of the control 
system for controlling a heaterless dryer; 

FIG. 2 is a simpli?ed schematic diagram of the heat 
erless dryer, moisture sensing probes and pressure 
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switches according to the exemplary embodiment ofthe 
invention; 
FIG. 3A is a detailed schematic diagram correspond 

ing to the simplied schematic shown in FIG. 2; 
FIG. 3B is an alternative detailed schematic diagram 

corresponding to the simpli?ed schematic shown in 
FIG. 2; 
FIG. 3C is a detailed diagrammatic view, in partial 

section, of a solenoid valve and pneumatic relay of the 
type used in FIGS. 3A and 3B; 
FIG. 4 is a block diagram of the exemplary embodi 

ment of the control system according to the invention; 
FIG. 5 is a schematic diagram of a preferred embodi 

ment of the probe interface; 
FIG. 6 is a schematic diagram of a preferred embodi 

ment of the pressure switch interface for generating 
high and low pressure coincidence signals; 
FIG. 7 is a schematic diagram of the microcomputer, 

counter integrated circuit, power supply and output 
buffers for driving condition indicating LEDs and 
valve control solenoids used in the exemplary embodi 
ment of the control system; 
FIG. 8 is a flow chart for the initialization and ?xed 

control cycle procedure or sequence of instructions for 
execution by the microcomputer; 
FIG. 9 is a flow chart of the proble-controlled cycle 

procedure for controlling the dryer; and 
FIG. 10 is a flow chart for the procedure which ini 

tially loads the counters in the counter integrated cir 
cuit, reads the ?nal counts, and performs the compari 
son functions on the ?nal count to sense probe failure 
and to determine whether the idle desiccant bed is to be 
regenerated. 
While the invention has been described in connection 

with a preferred embodiment it will be understood that 
the intention is not to be limited to the particular form 
of the invention which has been shown, but the inten 
tion is, on the contrary, to cover the various alternative 
and equivalent constructions included within the spirit 
and scope of the appended claims. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Turning now to the drawings, there is shown in FIG. 
1 a prespective view of the main components of a heat 
less air dryer generally designated 20. A corresponding 
schematic diagram is shown in FIG. 2. The air dryer 20 
has left and right desiccant beds or chambers 21, 22 for 
drying air received on an inlet pipe 23a from a compres 
sor 23. An inlet valve assembly generally designated 24 
alternately switches the compressed air to the left or 
right chamber. Similarly an output valve assembly gen 
erally designated 25 passes the dry compressed air to an 
outlet pipe 26. A portion of the dried compressed air 
expands to approximately atmospheric pressure 
through a bleeder valve 27 (having an associated pres 
sure gauge 43 and ori?ce 44) which is alternately 
switched to the idle desiccant bed for regeneration. 
After picking up moisture from the desiccant in the 
regenerating bed, the air is vented to atmospheric pres 
sure through an exhaust valve assembly 29. 
The positions for the valves 24, 25, 28, and 29 are 

shown for the left desiccant bed 21 serving to dry the air 
and the right desiccant bed 22 being regenerated. The 
valves are switched to their alternate positions in order 
to use the right desiccant bed 22 to dry the compressed 
air and to allow the left desiccant bed 21 to be regener 
ated. 
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As shown in FIG. 1, the electronic components of the 

control system are enclosed in a centrally located hous 
ing 30 and the control system activates the valves 24, 
25, 28, and 29 by pneumatic lines 31. The control system 
also has left and right moisture sensing capacitance 
probes 32, 33 and pressure switches 34, 35, 36, 37 for 
sensing the conditions inside the respective left and 
right desiccant beds 21, 22. 
A more complete schematic diagram of the mechani 

cal components and sensors for the heaterless dryer are 
shown in FIG. 3A. The inlet valve assembly 24 is com 
prised of a single three-way inlet valve 40 driven by a 
differential pressure input. Associated with this three 
way inlet valve is a repressurizing valve 41 which per 
mits the bed having been previously regenerated to be 
repressurized without substantially interrupting the 
flow of dry air out the outlet pipe 26. In other words, if 
the inlet valve 40 were merely switched to repressurize 
the regenerated bed, the flow of dry air out the outlet 
pipe 26 would be disrupted during the time required for 
the pressure to build up in the regenerated bed. In the 
same fashion as the inlet valve assembly 24, the outlet 
valve assembly 25 is comprised of a single three-way 
outlet valve 42 which is driven by the same differential 
pressure that operates the three-way inlet valve 40. 
The bleeder valve 27 proportionately divides the 

outlet pressure across itself and the ori?ce 44, so that 
the flow through the ori?ce is regulated by the adjust 
ment of the bleeder valve. The pressure gauge 43 is 
responsive to the pressure across the ori?ce 44 and thus 
indicates the air flow to the regenerating desiccant bed. 
The air for regeneration passes through the bleeder 
valve 27 and through the ori?ce 44 to a pair of check 
valves 45, 46 which comprise the valve assembly 28 
which directs the dry air to the desiccant bed being 
regenerated. 
The exhaust valve assembly 29 is comprised of two 

separate two-way valves 47, 48 for dumping the exhaust 
from the respective chambers during regeneration. 
These two-way dump exhaust valves are actuated by 
the difference in pressure in the respective desiccant 
bed and respective control pressures. The dump exhaust 
is passed to a dump flow restrictor 49 which limits the 
exhaust air flow to a reasonably small rate so that the 
desiccant beads or pellets in the desiccant bed are not 
“?uidized” when the respective dump exhaust valve 47, 
48 is ?rst opened at the start of regeneration. An exhaust 
muffler 50 reduces air dynamic noise associated with 
the dumping of the pressurized bed. 
The inlet valve 40, repressurizing valve 41, outlet 

valve 42, and exhaust valves 47, 48 are operated by 
pneumatic pressures P5, P3, P5, PA, PD, respectively, 
generated by a solenoid valve and pneumatic relay 
assembly generally designated 51 including a set of 
pneumatic relays 200 operated by electromagnetic sole 
noid valves 201. The use of pneumatic relays 200 in 
addition to solenoid valves 201 permits the solenoid 
valves to be operated by very low relay coil currents of 
about 250 milliamperes. The pneumatic relays 200 
switch air at the high pressure SP of the dry gas outlet‘ 
26 as supplied through a valve 52 and a pre?lter 53. The 
solenoid valves 201, however, operate at a relatively 
low regulated pressure RP of up to 100 PSI above atmo 
spheric pressure, as set by an adjustable pressure regula 
tor 54, and have a very low flow capacity when they 
are open. The solenoid valves 201 are all normally 
closed (NC), while the pneumatic relays 200 are either 
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normally open (NO) or normally closed (NC) as desig 
nated in FIG. 3A. 
The valve arrangement shown in FIG. 3A is espe 

cially suited for high capacity air dryers (e.g., FIG. 1) 
having, for example, three inch diameter pipes. and 
valves in the process air stream (bold path in FIG. 2). 
An alternative valve arrangement suitable for lower 
capacity air dryers is shown in FIG. 3B. Two separate 
one-way inlet valves 40a, 40b are used in lieu of the 
two-way inlet valve 40 shown in FIG. 3A, and check 
valves 42a, 42b are substituted for the two-way outlet 
valve 42 shown in FIG. 3A. 
A partial cross-sectional view of the solenoid valve 

and pneumatic relay assembly 51 is shown in FIG. 3C. 
The solenoid valve 201 is a three volt model EV-3M 
miniature electronic valve manufactured by Clippard 
Instrument Laboratory, Inc., 7390 Colerain Road, Cin~ 
cinnati, Ohio 45239. The solenoid valves 201 are 
screwed into a common manifold 202. The pneumatic 
relays 200 are recessed into vertical bores 203 in the 
common manifold 202. Vertical bores 203 receive the 
pneumatic relays 200 which are model MJV-3C or 
model MJVO-3C (normally closed NC or normally 
open NO, respectively) cartridge valves also manufac 
tured by Clippard Instrument Laboratory, Inc. End 
caps 204 retain the cartridge valves 200 into the bores. 
For each solenoid valve 201 and cartridge valve 200, 

a longitudinal bore 205 supplies regulated pressure RP 
A to the solenoid valve 201 through a threaded inlet port 
. 206 on the solenoid. The threaded inlet port 206 also 

> provides the mechanical connection between the sole 
-_ noid valve 201 and the common manifold 202. The 

solenoid valve 201 is activated by electrical current 
received from lead wires 207. A traverse bore 208 re 
ceives the regulated pressure when the solenoid valve 

; 201 is energized. A piston 209 responds to the switched 
regulated pressure and drives the valve stem 210 of the 
associated cartridge valve 200. A spring internal to the 

. cartridge valve 200 provides a return force, since a 
traverse bore 211 sets the opposing pressure on the 
\piston 209 to atmospheric pressure. 
A longitudinal bore 212 conveys the supply pressure 

SP to the cartridge valves 200. For each cartridge 
valve, the respective control pressure PAP); is passed 
via a traverse bore 213 to a pneumatic line 214 secured 
to the common manifold 202 by a connector 215 
screwed into the traverse bore 213. 
A block diagram of the control system according to 

an exemplary embodiment of the invention is shown in 
FIG. 4. The central component of the control system is 
a microcomputer integrated circuit 55. The microcom 
puter is an Intel Corp. part number D8748 having an 
internal crystal oscillator using an external quartz crys 
tal 56, and also having internal random access and ?xed 
or program memory, a timer, and input and output 
ports. The most significant data is derived from the left 
and right capacitance probes 32, 33. Probe interface 
circuits 57, 57’ comprise oscillators having frequency 
setting capacitance inputs connected to the respective 
probes. The frequencies of oscillation generated by the 
probe interfaces 57, 57' are indicative of the capaci 
tances of the respective probes and are thus also indica 
tive of whether the respective desiccant beds need to be 
regenerated. A multiple counter integrated circuit 58, 
Intel Corp. part number D8253, has means for counting 
the frequency generated by each of the probe interfaces 
57, 57’ and also has a timer counter establishing a prede 
termined time interval for enabling the other counters 
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so that ?nal counts are obtained indicating the number 
of cycles generated by each probe interface during the 
time interval of the timer counter. The microcomputer 
55 controls the operation of the counter integrated cir 
cuit 58 and also exchanges data with the counter inte 
grated circuit for setting the predetermined time inter 
val of the timer counter and also for initially setting the 
counters counting the frequencies from the probe inter 
faces. The microcomputer receives the ?nal counts 
from the counter integrated circuit 58 so that the mi 
crocomputer senses the level of saturation of the desic 
cant in each bed. The microcomputer 55 also receives 
pressure data generated by the pressure switches gener 
ally designated 59 in FIG. 4, corresponding to the four 
pressure switches 34-37 shown in FIG. 2. A pressure 
switch interface 60 processes the pressure switch signals 
before they are passed to the microcomputer 55. 
The microcomputer 55 feeds data to a solenoid and 

alarm interface 61 for generating a sufficiently high 
current level to drive the solenoid valves 201 and an 
alarm relay REL. The microcomputer also feeds an 
output interface 63 for driving a set of indicator lights 
64. These lights indicate whether the left or right desic 
cant bed is selected for drying the compressed air, and 
also indicate probe and valve malfunctions. 
A common schematic for each probe interface 57, 57' 

is shown in FIG. 5. In order to generate a periodic 
signal having a frequency FOUT responsive to the 
capacitance of the connected probe 32 or 33, a precision 
oscillator integrated circuit 65, part number 555, is used. 
The time constant of the oscillator is set by the capaci 
tance of the probe 32, 33 and the resistance of a one 
megohm resistor 66 in series with an adjustable control 
67, Bourns Corp. part number 7lO5A-lO8-504. The 
control 67 comprises a 400K ohm variable resistor 68 in 
series with a fixed resistance 69 of value 100K ohms. 
The control 67 is initially adjusted to calibrate the ca 
pacitance probe 32, 33 so that it generates a desired 
output frequency FOUT for a desired calibration level 
of saturation of the desiccant. The integrated circuit 
oscillator 65 also uses a capacitor 70 of value 0.01 mi 
crofarads. Power supply ?ltering capacitors 71 and 72 
of values 1 microfarad and 0.1 microfarad suppress any 
noise on the + 5V input lead and the ground GND lead 
to the probe interface circuit. A third TEST lead is used 
so that the microcomputer 55 can determine whether 
the proh=interface is used in the system. 
The input interface 60 for the pressure switches 34-37 

is shown in FIG. 6. Pressure switches 34 and 36 have a 
relatively low pressure threshold while switches 35 and 
37 have a relatively high pressure threshold. The 
switches are open when the respective pressures exceed 
the respective thresholds. The high pressure threshold 
is substantially below the pressure of the compressed 
air, while the threshold of the low pressure switch is 
substantially above the atmospheric or minimum pres 
sure in the system. The high pressure threshold, for 
example, is set at 60 PSI in order to be below maximum 
pressures of 80 PSI and above. The low pressure 
threshold, for example, is set at 1 PSI above atmo 
spheric pressure. Preferably the switches are Hall effect 
sensors (e.g., Texas Instruments Corp. part No. 
TLl72C) indicating the respective positions of magnets 
mounted on respective pistons in pressure sensing cylin 
ders. 
The signals from the low pressure switches 34, 36 are 

combined by an exclusive-NOR gate 73 to generate a 
low pressure coincidence signal T0. The low pressure 
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coincidence signal T0 is active high when the low pres 
sure switches 34, 36 are in the same state. When one of 
the desiccant beds 21, 22 is depressurized for regenera 
tion while the other is pressurized for drying, the low 
pressure switches should normally be in different states 
due to the wide difference in pressure, and the different 
states should be indicated by the low pressure coinci 
dence signal being a logical low. At the end of regenera 
tion, the regenerated bed is repressurized and hence at 
the end of repressurization both of the low pressure 
switches 34, 36 should be in the same state so that the 
low pressure coincidence signal T0 should be in a high 
state. Similarly, an exclusive-NOR gate 74 combines the 
signal from the two high pressure switches 35, 37 to 
generate a high pressure coincidence signal T1, which 
should be a logical low when one of the desiccant beds 
is depressurized for regeneration, and a logical high 
when the regenerated bed is repressurized. By generat 
ing the coincidence signals from the high pressure or 
low pressure switch signals, the number of input lines to 
the microcomputer 55 ‘is reduced. Also by using both 
high pressure switches and low pressure switches, the 
microcomputer 55 senses whether the regenerating 
cylinder is fully depressurized to below the low thresh 
old, and can sense whether the regenerated cylinder is 
fully repressurized to above the high pressure thresh 
old. Also shown in FIG. 6 are pressure switch pull-up 
resistors generally designated 75 of value 2.2K ohms 
which are needed to interface the pressure switches 
34-37 to the exclusive-NOR gates 73, 74. The exclusive 
NOR gates 73, 74, National Semiconductor part No. 
SN54LS266N, also use output pull-up resistors 76, 77, 
respectively, for interfacing their outputs to the inputs 
of the microcomputer 55. v 
The schematic for the microcomputer 55, counter 

integrated circuit 58, solenoid valve and alarm relay 
interface 61, and indicator light interface 63 is shown in 
FIG. 7. The control system is powered by a 5 volt 
power supply generally designated 80, having a 5 volt 
regulator integrated circuit 81, National Semiconductor 
Corp. part no. LM7805CT. The power supply 80 oper 
ates off conventional 115 volt alternating current power 
lines. The BLACK line is fused by a % ampere slow 
blow fuse 82 and shunted to the WHITE power line by 
a varistor 83, General Electric Corp. part No. 
Zl3OLAlOA, in order to suppress any transient spikes 
on the power lines. A universal 12 volt l ampere step 
down transformer 84 feeds full wave recti?er diodes 85, 
86, part number lN4002, to generate approximately 10 
volts DC across two 1000 microfarad ?lter capacitors 
87, 88. The regulator 81 outputs 5 volts DC across its 
100 microfarad and 0.1 microfarad output capacitors 89, 
90 respectively. 
The counter integrated circuit 58 has an associated 

0.1 microfarad decoupling capacitor 91 and receives the 
output frequencies FOUT from the left and right probe 
interface circuits 57, 57'. The counter integrated circuit 
58 has in fact three different counters identi?ed as CNO, 
CNl, and CN2. Clock input C1 receives the frequency 
from the left probe interface 57, while the clock input 
C2 receives the output frequency of the right probe 
interface circuit 57'. The C0 clock input receives a 
122.88 kilohertz periodic signal from the ALE output 
on lead 11 of the microcomputer integrated circuit 55. 
All three counters have reset inputs R0, R1, R2, respec 
tively, which receive initial counts from the microcom 
puter over a bus generally designated 92. The connec 
tions for this bus 92, in terms of the conventional pin or 
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lead numbers of the respective microcomputer and 
counter chips 55 and 58, are as follows: the signal P22 
from the micricomputer 55 on lead 23 is connected to 
the counter signal GATE 0 on counter lead 11, mi 
crocomputer output P21 on lead 22 is connected to 
counter signal A0 on counter lead 19, microcomputer 
output signal P20 on lead 21 is connected to counter 
input Al on counter lead 20, microcomputer output R_D 
on lead 8 is connected to counter input RD on lead 22, 
microcomputer output WR on lead 10 is connected to 
counter input WR on lead 23, microcomputer output 
ALE on lead 11 is connected to counter input CO on 
lead 9, and microcomputer data bus outputs DBO-DB7 
on leads 12-19, respectively, are connected to counter 
data inputs DO-D7 on counter leads 8-1, respectively. 
The data bus 92 is also used to pass control signals from 
the microcomputer 55 to the counter inputs GATEO, 
A0, and A1 for control of the counter integrated circuit 
58, as will be described further in conjunction with the 
exemplary procedure executed by the microcomputer. 

In general terms, the counters CNO, CNl, and CN2 
are ?rst set to initial values by data written from the 
microcomputer 55 over the bus 92 into the counters. 
Then the ?rst counter CNO is enabled to count the 
frequency on its clock C0 to generate a sampling or 
gating signal on its output S0 which is fed to sampling 
or disabling inputs S1, S2 on the other counters CNl, 
CN2, respectively. The counter CNO generates an ac 
tive end of counting or sampling signal or logic transi 
tion on its output S0 a predetermined time after the 
counters are enabled for counting, the predetermined 
time being a function of the initial count loaded into the 
?rst counter CNO. For the microcomputer procedure 
described below, the predetermined time interval is 
approximately % of a second. Over this time period, the 
second and third counters CNl, CN2, respectively, 
count the cycles or transitions generated by the left and 
right probe interface circuits 57 and 58. After the pred'e 
termined time interval, ?nal counts are obtained from 
the second and third counters CNI, CN2 which are 
transferred across the bus 92 to the microcomputer 55. 
These ?nal counts are responsive to the frenquencies 
FOUT generated by the left and right probe interface 
circuits 57, 57’ and thus indicate the moisture in the 
desiccant beds sensed by the probes 32, 33. 
The microcomputer 55 uses this moisture indicating 

data to adjust a controlling sequence for activating the 
solenoid valves 51 in FIG. 3 to properly control the 
operation of the desiccant dryer 20 in FIG. 1. The con 
trolling sequence executed by the microcomputer 55 is 
also adjusted in accordance with the low pressure coin 
cidence signal T0 received on the microcomputer’s T0 
input on lead 1, and the high pressure coincidence signal 
T1 received on the microcomputer’s T1 input on lead 
39. Moreover, the TEST outputs from the left probe 
interface 57 and right probe interface 57’ are received 
by the microcomputer 55 on inputs P23 on lead 24 and 
TNT on lead 6, respectively. 
The microcomputer executes its procedure at a pre 

cise 1.8432 megahertz rate set by the crystal 56 which is 
connected across leads 2 and 3 of the microcomputer 
integrated circuit. These leads are shunted to ground by 
22 picofarad capacitors 93 and 94, respectively. The 
microcomputer procedure also starts executing at an 
initial location whenever power to the microcomputer 
is ?rst turned on, as indicated by a power on reset signal 
RESET applied to lead 4 of the microcomputer by an 
RC network comprising a l microfarad electrolytic 



, volt power line also drives a 

- LED 110. Two additional LEDs 111 and 112 shunt the 
. .solenoid coils SOL A and SOL B, respectively, to indi 
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capacitor 95 and a 20 megohm resistor 96. The +5V 
power line to the microcomputer 55 is also decoupled 
by a 22 microfarad capacitor 97 and a 0.1 microfarad 
capacitor 98 to ensure that spikes or noise from the 
power supply 80 do not disturb the procedure executed 
by the microcomputer. 
The microcomputer 55 generates activating signals to 

the individual solenoid valve coils SOL A, SOL B, SOL 
C, SOL D and SOL E in proper sequence to control the 
drying and regeneration performed by the desiccant 
beds 21, 22. The output interface 61 for driving the 
solenoids SOL A-E comprises a set of 2.2K ohm pull-up 
resistors 99 and an output buffer 100, part number 
MC1413P. The microcomputer outputs PIS-P10 on 
leads 32-27 are connected to the input leads 1~7_of the 
output buffer 100 which drive the output leads 16-10 of 
the output buffer, which in turn drive the solenoid coils 
SOL A-E and the alarm relay REL, respectively. The 
+5V power line to the output buffer 100 is decoupled 
by a 0.1 microfarad capacitor 101. 
The microcomputer also performs diagnostic and 

indicating functions to inform a maintenance person of 
the status of the air dryer and control system. The indi 
cator interface 63 has a set of 2.2K ohm pull-up resistors 
102 and an output buffer integrated circuit 103, Motor 
ola Inc. part No. MCl413P. Microcomputer outputs 
P27-P24 and P17-P16 feed output buffer leads 1-6 
which in turn drive output buffer output leads 16-11 
connected to light emitting diodes 104-109, respec 
tively. These light emitting diodes (LEDs) indicate 
right probe malfunction, left probe malfunction, exhaust 

. valve malfunction, inlet valve malfunction, ?xed cycle, 
and probe cycle operation, respectively. The mi 
crocomputer is also programmed to activate the alarm 
relay REL (active when deenergized) whenever one of 
these malfunctions occur. The output buffer integrated 
circuit 103 has its +5 volt input line shunted to ground 
by a 0.1 microfarad decoupling capacitor 103a. The + 5 

“power on” indicating 

cate whether the right desiccant bed is drying or 
whether the left desiccant bed is drying. As is evident 
from the fact that the power indicating LED 110 shunts 
the +5 volt power line, these LEDs must be rated at 5 
volts or have internal current limiting resistors. A typi 
cal part number is Hewlett-Packard Co. HLMP-3600. 
The operation of the exemplary control system as 

speci?cally wired in FIG. 7 is precisely de?ned by the 
procedure or set of instructions stored in the microcom 
puter’s read only memory. An exemplary procedure or 
program listing is appended to the speci?cation just 
before the claims. Although comments describing the 
flow of execution are liberally included in the program, 
there are three general functions performed by the pro 
gram which are of interest in understanding the overall 
operation of the control system. These include a ?xed 
cycle procedure, a probe-controlled cycle procedure, 
and the procedure which controls the operation of the 
counter integrated circuit 58. 
A flowchart for the control loop which performs 

?xed cycle operation of the air dryer is shown in FIG. 
8. FIG. 8 and FIGS. 9 and 10 are annotated with pro 
gram labels, identi?ed by suf?xed colons, which refer 
ence the corresponding sections in the program listing 
appended as part of the speci?cation. 
The ?rst step 120 in the ?xed cycle control loop of 

FIG. 8 is to clear the outputs P10-P17 and P20-P27 of 
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the microcomputer 55. The alarm relay REL, however, 
is energized so that loss of power to the control system 
will be indicated by the alarm relay. 
Once the outputs are cleared, execution jumps into 

the ?xed cycle loop. In step 121 the right TEST line is 
read so that in step 122 the microcomputer may deter 
mine whether the right probe interface board is plugged 
in. If the right probe interface board is plugged in, then 
in step 123 the microcomputer reads the left TEST line 
to check whether the left probe interface board is also 
plugged in. If both boards are plugged in, then in step 
124 the microcomputer determines whether both probe 
interface circuits 57, 57' are working by actually mea 
suring the left and right output frequencies FOUT. The 
manner in which the output frequency FOUT is mea 
sured is explained below in reference to FIG. 10. If the 
probe interface circuits are working, then execution of 
the microcomputer jumps via the off-page connector A 
to the probe-controlled cycle shown in FIG. 9. 

If the right probe board is not plugged in, step 125 the 
L/R ?ag F0 is set to 0 so that the right desiccant bed is 
initially'selected for regeneration. ‘ 
The first half portion (labeled [RIGHTD of the ?xed 

cycle control loop starts with step 126 which instructs 
the microcomputer to turn on the ?xed cycle indicator 
107 and solenoid SOL C. When solenoid SOL C is 
activated, the input valve 40 in FIG. 3 directs the flow 
of air from the compressor 24 to the left desiccant bed 
21, and also the outlet valve 42 directs the flow of dried 
air from the left desiccant bed to the output pipe 26. 
After solenoid SOL C is activated, the control system in 
step 127 waits for two seconds for the pneumatic system 
of FIG. 3 to respond. In step 128 solenoid SOL D is 
turned on to depressurize the right desiccant bed for 
regeneration. After a thirty second delay in step 129 to 
assure that depressurization is substantially complete, in 
step 130 the high pressure coincidence signal T1 is sam 
pled and tested to determine if the right chamber is 
depressurized. If the coincidence signal T1 is a logical 
one, then the high pressure sensing switches are in the 
same states and in step 131 the microcomputer activates 
the exhaust valve malfunction indicator 105, the inlet 
valve malfunction indicator 106, and deenergizes the 
alarm relay REL. Both of the indicators are activated 
since the failure of the right chamber to depressurize 
may be due to either the failure of the exhaust valve 48 
to open or the failure of the pressure inlet valve 40 to 
close its path to the right desiccant bed 22. 

In step 132 the microcomputer waits for 240 seconds 
as the right desiccant chamber is regenerated with the 
valves and solenoids in the positions shown in FIG. 3. 
During this purge of the right chamber, the microcom 
puter continually checks the pressure coincidence sig 
nals to verify that the exhaust valve stays open, the inlet 
valve stays closed, and that there are no restrictions 
creating back pressure in the right chamber. 
The microcomputer terminates~ regeneration of the 

right chamber in step 133 by turning off solenoid SOL 
B which closes the exhaust valve 48. After a two second 
delay in step 134, the microcomputer in step 135 turns 
on the repressurizing valve 41 to open a connection 
between the left and right desiccant chambers. After a 
thirty second delay in step 136, the micrcocomputer 
turns off solenoid SOL E in step 137 to close the con 
nection. After a two second delay in step 138, the mi 
crocomputer in step 139 samples and tests the high 
pressure coincidence signal T1 to determine whether 
the right chamber has repressurized. If the high pres 
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sure coincidence signal T1 is not a logical one, indicat 
ing that the pressures in both the left and right desiccant 
beds exceed the high pressure threshold, in step 140 the 
microcomputer turns on the exhaust valve malfunction 
indicator 105 and deenergizes the alarm relay REL. 
Execution then loops back to step 139 so that the right 
desiccant bed is again checked for proper repressuriza 
tion, and if repressurization occurs, the alarm relay 
REL is reenergized and the exhaust valve malfunction 
indicator 105 is turned off. 

If the right desiccant bed has repressurized, then in 
step 141 the microcomputer turns off solenoid SOL C, 
complements the L/R flag F0 in step 142, and waits for 
two seconds in step 144 for the pneumatic system to 
stabilize. This completes the ?rst half of the ?xed cycle 
wherein the left desiccant bed is drying the air stream 
and the right desiccant bed is being regenerated. 

In order to regenerate the left desiccant bed and to 
use the right desiccant bed for drying, the microcom 
puter executes the second half of the ?xed cycle 
[LEFT]. In step 145 solenoid SOL B is turned on, cor 
responding to step 126 in the [RIGHT] section, so that 
the inlet valve 40 and the outlet valve 42 direct the flow 
of gas from the compressor 23 through the right hand 
desiccant bed 22 towards the output pipe 26. Note that 
the means for generating these signals which alternately 
energize solenoids SOL B and SOL C in steps 126, 141 
and 145 are means for periodically changing bed select 
signals at least once within a present minimum time 
period, so that the vapor load is shared between the 
desiccant beds. Similarly in the procedure generally 
designated 146, the other steps in the [RIGHT] section 
are repeated for the left chamber. But the low pressure 
coincidence signal T0 is sampled and tested instead of 
the high pressure coincidence signal T1 in steps 130 and 
step 133, and solenoids SOL A and SOL B are turned 
on and off instead of solenoids SOL D and SOL C, 
respectively. 
At the end of these steps for the left desiccant bed 

being regenerated, execution by the microcomputer 
returns to the initial step 120 to complete the ?xed cy 
cle. It should be noted that steps 122~123 are repeated 
so that during each ?xed cycle the microcomputer tries 
to put execution into the probe-controlled cycle of FIG. 
9. 
A flow chart for the probe-controlled cycle is shown 

in FIG. 9. It is similar to the ?xed cycle of FIG. 8, and 
the similar steps are designated with corresponding 
primed reference numerals. The probe-controlled cycle 
differs from the ?xed cycle starting with step 147 in 
which the microcomputer reads data from the moisture 
sensing capacitance probes. The precise method in 
which data is read from the probes is described below in 
conjunction with FIG. 10. The net result of the process 
for reading the data from the capacitance probes is a 
pair of numbers CPR and CPL representing the level of 
saturation of the right and left desiccant beds, respec 
tively. In step 148 the number for the right desiccant 
bed CPR is tested to determine whether it is within a 
maximum and a minimum limit. If this number is not 
within these limits, the microcomputer alerts the opera 
tor in step 149 by turning on the right probe malfunc 
tion indicator 104 and execution is transferred to the 
?xed cycle routine of FIG. 8. By transferring execution 
to the ?xed cycle routine, the microcomputer activates 
regeneration enable signals in steps 128-138 at least 
once after each changing of the bed selected for drying, 
so that the beds are periodically regenerated regardless 
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of probe failure. If CPR is within the maximum and 
minimum limits, then in step 150 the microcomputer 
compares CPR to a predetermined threshold count TH 
representative of the moisture or condensate saturation 
level for which regeneration is required. If the count 
CPR is less than the threshold TH, then the right desic 
cant chamber is relatively dry and does not need to be 
regenerated during the current cycle period. Thus the 
microcomputer will skip the regeneration sequence by 
waiting for 270 seconds in step 151 and thirty seconds in 
step 152 to bypass steps 128’ through 138'. If the count 
CPR is not less than the threshold count TH, then the 
right desiccant bed must be regenerated and for this 
purpose solenoid SOL D is turned on in step 128’ to 
depressurize the right bed as was performed in the ?xed 
cycle. Note that the signal turning on solenoid SOL D 
in step 128’ is a regeneration enable signal in response to 
the comparison in step 150 of the sample count CPR to 
the predetermined threshold TH indicating that regen 
eration is required. 
The steps for reading the capacitance probes and 

testing the resulting ?nal counts from the counter inte 
grated circuit 58 in FIG. 7 are shown in FIG. 10. In step 
160 counter CNO is set for a “mode 1 read/load” func 
tion. This means that counter CNO is con?gured to 
receive an initial count from the microcomputer and to 
establish a time interval during which the counter CNO 
counts clock cycles on its clock input C0, until a maxi 
mum or zero count is reached. In step 161 counter CN1 
is set for a “mode 0 read/load” function and similarly in 
step 162 counter CN2 is also set for a “mode 0 read/ 
load” function. With the counters set in these modes, 
counter CN1 and CN2 will count from their initial 
counts during the time interval set by the ?rst counter 
CNO and will arrive at a ?nal count at the end of the 
time interval. In other words, the ?rst counter CNO 
counts from an initial count to a full scale count, and 
whenthe full scale count is reached it generates a sam 
pling or disabling signal which establishes the time for 
obtaining ?nal counts from the other counters CN1 and 
CN2. The difference between the initial counts in the 
counters CN1 and CN2 and their ?nal counts represents 
the number of cycles of the respective probe frequen 
cies FOUT, being applied to the counter clock inputs 
CN1 and CN2, during the time interval. Thus the 
counter integrated circuit 58 performs a frequency de 
termining function. 

In step 163, counter CNO is loaded with an initial 
count of 61,425. This initial count generates a predeter 
mined time interval of approximately % of a second 
when the counter CNO is clocked by the 122.88 kilo 
hertz ALE output of the microcomputer 55 [see FIG. 
7]. In steps 164 and 165 the microcomputer loads the 
counters CN1 and CN2 with maximum counts to effec 
tively reset these counters. In step 166 the counters are 
turned on by passing a “111” binary control code from 
the control outputs P22-P20 of the microcomputer 55 to 
the control inputs GATEO, A0, and A1 of the counter 
integrated circuit 58. After a two second delay in step 
167, the microcomputer turns off the counters in step 
168 in preparation for reading ?nal counts from the 
counters CN1 and CN2. In step 169 the most signi?cant 
byte of the output of counter CN1 is read into the mi 
crocomputer’s register 1. Thus register 1 contains the 
number CPL. In step 170 the most signi?cant byte of 
the counter CN2 output is read into the microcomputer 
register 2, so that register 2 contains the number CPR. 
In step 173 the microcomputer tests the L/R ?ag to 
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determine whether the left or right probe is the perti 
nent probe for sensing the level of saturation in the idle 
desiccant bed. Then in step 174 or step 175 the register 
having the count from the pertinent probe is moved to 
the microcomputer’s accumulator ACC. 
To determine whether the idle desiccant bed is to be 

regenerated or whether there is probe failure, in step 
176 the accumulator containing the pertinent ?nal count 
is compared to a predetermined theshold count TH of 
60,500. If the value of the accumulator is less than 
60,500 then the measured level of saturation is lower 
than that indicating regeneration is required. In step 177 
the ?nal count in the accumulator is compared to 47,074 
representing a predetermined minimum count which is 
always exceeded when the probe and probe interface 
circuits are properly functioning. If the accumulator is 
less than this predetermined minimum count, then 
probe failure is indicated in step 149. If the ?nal count in 
the accumulator is not less than the predetermined mini 
mum count, then the regeneration steps 128’ through 
138’ in the probe-controlled cycle of FIG. 9 are skipped 
as execution is transferred to an idle or delay sequence 
starting with step 151 in FIG. 9. In step 176, if the ?nal 
count in the accumulator equals the threshold TH of 
60,500 then execution may jump directly to the regener 
ation steps starting with step 128’. But if the ?nal count 
in the accumulator is greater than the threshold count 
TH of 60,500, the ?nal count in the accumulator is 
compared in step 178 to a maximum count of 62,620 to 
determine whether the ?nal count in the accumulator is 
excessive. If the ?nal count in the accumulator is 

16 
greater than the maximum count, then probe failure is 
indicated and execution continues starting with steps 
149. But if the ?nal count in the accumulator is not 
greater than the predetermined maximum count, then 
regeneration may proceed starting at step 128'. This 
completes the description of the software executed by 
the microcomputer 55. Further details of the software 
will become apparent to persons skilled in the art upon 
inspection of the program listing and clarifying com 
ments appended below to the speci?cation. 

In view of the above, an intelligent control for a 
desiccant dryer has been described which provides 
improved flexible control and expanded diagnostic ca 
pabilities. Modi?cations of the control procedure to 
accommodate particular models of disiccant dryers may 
be economically provided by changes in the program 
ming, without extensive hardware changes. Moreover, 
an improved interface for the moisture sensing probes 
has been described wherein only a single adjustable 
resistor is provided for calibrating each probe. Since the 
frequency generated by the probe interface is substan 
tially a function only of the adjustable resistance and the 
capacitance of the probe, the output frequency FOUT 
is a precise indication of the level of saturation of the 
respective desiccant bed. There are no other analog 
components subject to drift or aging which lead to 
signi?cant errors in the sensed moisture. It should be 
noted that the output frequency FOUT is very accu 
rately determined by the microcomputer and counter 
integrated circuits since the time base for the frequency 
counting process is established by the quartz crystal 56. 

#ORGANIZE PROGRAM FROM LOCATION O 
; INITIALIZE SYSTEM TURN ON RELAY K1 

LINE SOURCE STATEMENT 

1 
2 
3 
4 
5 
L- 
7 ORG (I) 
8 INIT: ANL P11 #000000018 
9 URL F'I, 40000000018 
10 ANL P2,#O0H 
11 CLR F1 
2 DIS I 
13 START: -_INI AMLEIHKI 
14 IIILR F0 
15 FIXED: ORL P1, #100100008 
16 CALL STEP 
17 DEFLTR: ORL P1, 111000010008 
15 CALL DUMP 
19 CALL PRSCHK 
20 CALL F'UREiE 
21 ANL F'1,#10010001B 
‘22 CALL STEP 
2'3 ORL P1, 414000000108 
24 CALL REPREEI 
25 ANL P1 ,#1001CHI)01B 
26 CALL STEP 
27 ._INT1 EXALRR 
2:3 RESUMR: ANL P11 #100000018 
29 CIF'L F0 
30 D151 I 
31 CALL STEF' 
132 URL P1, #001CN3CNINI1B 
33 CALL :E-‘TEF' 
134 DEFLTL: ORL F1 1 13000001008 

; INITIALIZE PORT 2 TO OFF STATE 

#DISABLE INTERRUPT 
H3O TO AMLOIII CHECK OF PIN LON 
ISET FLAG 0 TO 0 
§TIJRN ON FIXED CYCLE AND SOLENOID O 
#2 SECOND DELAY 
;TI__IRN ON SOLENOID D 
:30 SECOND DELAY 
#TEST FOR DEPREEZE'URIZATION 
#56 SECOND DELAY 
#TURN OFF SOLENOID D 
52 SECOND DELAY 
#TUFx'N ON SOLENOID E 
13-0 SECOND DELAY 
#TURN OFF SOLENOID E 
#2 SECOND DELAY 
IEXHAUST VALVE ALARM 
#TURN OFF SOLENOID III 
HIIOMF'LEMENT FLAG 0 
#DISADLE INTERRLIF'T 
L2 SECOND DELAY 
HIIHAMDER SWITCH TURN ON SOLENOID B 
:2 SECOND DELAY 
#TLIRN ON SOLENOID A 

IF NOT REF'RESSURIZED 



:35 
3/: 
IE: 7 
138 
39 

' MAIN: 

TEST: 

EIIIILINT: 

DUMP: 
DUMF’li 

MAINl: 
TESTI: 

OOUNTli 

F'UROE: 
PlJRlIiEl : 

MAINE: 
TEST2= 

EIOLINTQ: 

REPRES: 
REPRE: 

OLRA: 

MAINS: 
TESTS: 

COUNT-EH 

EXALRR: 

INPUT: 

CALL 
CALL 
CALL 
ANL 
CALL 
ORL 
CALL 
ANL 
CALL 
JNTI 

MDV 
STRT 
.JTF 
.JMP 
amp 
D-JNZ 
DJNZ 
RETR 
DRL 

ANL 
OUTL 
-JNT1 
JFI 

ORL 
OUTL. 
IN 

17 
DUMP 
PREIEIHK 
F'UROE 
ppmonoooom 
EiTEF' 
P1, #OOOOOOIOB 
REPREE; 
F'l , #IOIOOOOIB 

STEP 
EXALRL 
F'1,#1000OOO1B 
:STEF' 

INIT 
R7, #130 
A 

T 
CIDUNT 
TEEIT 
TEzNT 
R7, MAIN 

A 
T, A 

EIDUNTi 
TE5'T1 
TENT _ 

R7, MAINI 
R6, DLIMF‘l 

A 
T, A 

IIICILINTE 
T 8T2 
TCINT 
R7, MAINZ 
Ré-v F'LIROEl 

F'1 ,WDOCTOOODIB 
A 
T1 A 
T 
COUNTS 
TESTIB 
TEzNT 
R7,MAIN:3 
Rb, REPRE 

P2, #OOIOOOOOB 
ATPI 
A,#1C\01000OB 
PlvA 
EXALRR 
INPUT 
A, P1 
Av#OOOOOOO1D 
P1,A 
ATP-2 

4,546,442 
18 

; 2:0 SECOND DELAY 
: TEST FDR DEPRESSLIRIZATION 
; 5/; SECOND DELAY 
:TURN OFF SOLENOID A 
:2 SECDND DELAY 
: TURN IIIN SDLENDID E 
#130 SECOND DELAY 
;TLIRN DFF SOLENOID E 
:2 SECOND DELAY 
:EXHAUST VALVE ALARM IF NOT REPREEEzLIRIZED 
:TLIRN EIFF EDLENDID B 
:2 SECOND DELAY 
:CCIMPLEMENT FLAG O 
:CHAMBER SNITIIIH 
; INITIALIZE TIMER FDR 2 EEEIDNDS 
#CILEAR ADIZILIMULATDR 
:CLEAR TIMER 
:START TIMER 
:TEST TIMER FDR DVERFLDN 
;LDDF' IF ND DVERFLDN 
;E:TIIIF' TIMER 
:EIHECIFZ FDR END OF DELAY 
:RETLIRN TD MAIN PROGRAM 
; INITIALIZE TIMER FOR 30 SECDNDE; 

:OLEAR ACEIIJMLILATOR 
HIILEAR TIMER 
:START TIMER 
ITEEiT FOR TIMER OVERFLON 
=LOOP IF NO OVERFLON 
:S'TOF' TIMER 
#CHEOHI FOR END OF DELAY 

:RETURN TO MAIN PROGRAM 
5 INITIALIZE TIMER FOR 5/: EJEOONDEJ 

:TEEJT FDR DEF'RE lRl ZATIDN 
HZLEAR AIZEIUMLILATIIIR 
HIILEAR TIMER 
:ETART TIMER 
:TEST FDR TIMER DVERFLDN 
:LDDF' IF ND CIVERFLDN 
:STDF' TIMER 
HIHEBK? FDR END OF DELAY 

;RETURN TO MAIN PROGRAM 
; INITIALIZE TIMER FOR 30 SECOND ' 

#OLEAR ACOUMULATOR 
:OLEAR TIMER 
rISTART TIMER 
;TEST FOR TIMER CIVERFLON 
#LOOP IF NO OVERFLOW 
#EiTOF‘ TIMER 
#CHEOFI FOR END OF DELAY 

#RETURN TO MAIN PROGRAM 
-';TIJRN ON EXHAUST VALVE MAL. LIGHT 
#MOVE PORT 1 CONTENTS INTO ACCILIMLILATOR 

#TURN OFF RELAY K1 
ILOOF' IF NO REF'RESSLIRIZATION 

#MOVE PORT 1 CONTENTS INTO ACICZUMULATOR 

:TURN ON RELAY |~'Z1 IF NO EITHER ALARME; 
:MDVE PORT 2 CONTENTS‘ INTD AIZIIILIMLILATIIIR 

_ 65 ‘ 



152 
1523 
154 

170 

172' 
173 
174 
175 

EXALRL: 

NOFIX: 

PRSCHK: 

PRSCH: 

PRSCHA= 
ALARM: 

LEFT: 

vIIILIT1= 
AMLCHK: 

MOVX 

MOVX 

MOVX 
ORL 
MOV 
MOVX 
MOV 
MOVX 
MOV 
OUTL 
MOV 
MOVX 
MOV 
MOVX 
MOV 
-OUTL 
CALL 
MOV 
OUTL 

A, #110111118 
P2,A 
RESUMR 
P2,#0010CHZ)008 
A, P1 
A,#101000008 
P1 , A 
EXALRL 
NOFIX 
mm 
A, 111000000018 
P1, A 

A, #110111 118 
P2, A 
RESUML 
LEFT 
ALARM 
A, P2 
A, #110011118 
P2, A 
PRSCHA 
A, P1 
A, #000000018 
811A 

ALARM 
PRSCH 

A, 41000010008 
P2, A 
STEP 
A182 

R0, #OOH 
F'1',#000010118 
A, #001100108 
@801 A 
A, #011100008 
eR0,A 
A, #101100008 
@R0,A 

FLA 
A, #111100018 
@ROHA 
A1#11101111EI 
Q80, A 
P2, 11000000108 
A,#11111111E4 
@801 A 
A, #1 111 111 18 
@R0, A 
A , #000000018 
P2, A 
A,#111111118 
0R0, A 
A, #1111111 18 
@R0,A 
A, #000001118 
P2, A 
STEP 

4,546,442 20 

;TURN OFF EXHAUST 'VALVE MAL“ LIGHT 
§RESUME NORMAL OPERATION 
5TURN ON EXHAUST VALVE MAL. LIOHT 
:MOVE PORT 1 CONTENT-El INTO ACCUMULATOR 

:TURN OFF RELAY. 1:1 
:LOOP IF Nu REPRESSURIZATION 

#MOVE PORT 1 CONTENTS INTO ACEZLIMULATOR 

#TURN ON RELAY K1 IF NO ‘OTHER ALARMS‘ 
7MOVE PORT 2 CONTENTS INTO ACCUMULATOR 

iTURN OFF EXHAUST VALVE MAL. LIOHT 
#RESUME NORMAL OPERATION 
HTHECK WHICH CHAMBER ON STREAM 
#ALARM IF NOT DEF'RESEIURIZEO 
#MOVE PORT CONTENTS INTO ACCUMULATOR 

:RESET PREVIOUS ALARM LIGHTS 

§MOVE F‘ORT 1 CONTENTS INTO AEIIIZLIMLILATOR 

FRESET RELAY F11 IF NO OTHER ALARME; 
#RETURN TO MAIN PROGRAM 
H'IOVE F'ORT 2 CONTENTS INTO ACCUMULATOR 

:TURN ON BOTH VALVE MAL. LIGHTS‘ 
#MOVE PORT 1 CONTENTS INTO AIIICLIMULATOR 

#TURN OFF RELAY K1 
#RETURN TO MAIN F‘ROORAM 
#ALARM IF NOT REPREBS'URIZEO 

#2 EIECONO DELAY 
~7MOVE PORT 2 CONTENTS INTO ACCUMULATOR 
-', IF HIT 33 NOT Ch LEFT PROBE FAIL 

§MOVE O INTO REOI'i-TEYR O 
COUNTER MODE REOIBTEREL 

f[SET COUNTER 0 FOR MODE 1 1 READ/LOAD 
§LSB THEN M138, 1/_- BIT COUNT 
#EiET COUNTER 1 FOR MOEIE O, 
¥LSB THEN MSET, ll:- BIT COUNT 
{SET COUNTER 2 FOR MODE 0, 
'sLSB THEN M887 1!: BIT COUNT 

READ/LOAD 

READ/LOAD 

§AODRESE£ COUNTER O 
§LOAO COUNTER 0 WITH 61,425.11) COUNT 
§LSB 

#AODRESS COUNTER 1 
§LOAO COUNTER 1 WITH MAX COUNT 
#LSB 
QMSB 

:ADUREBB COUNTER 
:Lcmn COUNTER WITH MAX mum 
H.155 - 

ms-B 

HSTART PROBE SAMF‘LE COUNT 
42 SECOND DELAY 

:z-gryn F‘ROBE SAMPLE mum 










